The purpose of the experiment was to define whether and to what extent can prophylactic vaccinations against Newcastle disease (ND) and haemorrhagic enteritis (HE) affect the humoral and cellular response in pheasants. The evaluation of humoral response was performed on a basis of agglutinin titre after administered antigen and the cellular immunity index was the delayed type hypersensitivity (DTH) reaction. The pheasants were prophylactically vaccinated against Newcastle Disease (ND) on the 1 st , 28 th and 56 th day of life. Moreover, on the 49 th day of life, part of the birds was given in the drinking water a vaccine containing the HEV (Haemorrhagic Enteritis Virus). Fourteen days after the HEV vaccination, the birds were intravenously given 0.5 ml of the 10% SRBC (sheep red blood cells) suspension. Simultaneously with the SRBC administration the delayed hypersensitivity test was performed by intradermal administration of phytohaemagglutinin (PHA). It was shown that in pheasants vaccinated with NDV and additionally with HEV, the specific agglutinin anti-SRBC titre was significantly (p < 0.05) lower than in birds vaccinated against ND only. It also appeared that, the antibodies resistant to 2-mercaptoethanol were 43% of the total pool of specific anti-SRBC antibodies in the NDV vaccinated birds, whereas in birds vaccinated also with HEV they were 75%. No significant differences were found in the DTH test. Only in the HEV vaccinated pheasants the tendency to increase the wing index value was noted. The results confirm the observations concerning immunosuppressive effects of simultaneous vaccinations. They also indicate that overloading the pheasants with many antigens (ND and HEV vaccination) may weaken the humoral response to administered SRBC.
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The main role of the immune system is to distinguish between what is its own and what is foreign and to eliminate any threat that may impair homeostasis. The threat is recognized much faster when the factor causing it is known. This knowledge has been used in prevention of animal infectious diseases for years, hence, the use of vaccines containing attenuated pathogenic antigens (Ahmad and Sharma 1993; Pierson and Fitzgerald 2003) . The rate and quality of the response depend on animal species and individual cases. In birds, this is influenced by numerous factors, mainly genetic, resulting from natural selection or breeding conditions provided (Kunze et al. 1996; Boa-Amponsem et al. 1999; Talebi et al. 2005) . Practically, the key role is attributed to environmental conditions, understood in a very broad sense. As has been shown, the transfer of wild animals into any housing system brings about the threat of increased susceptibility to bacterial and viral diseases. According to many researchers, the increased susceptibility of birds to infectious diseases is an effect of various immunosuppressors (Dohms and Metz 1991; Pierson et al. 1996; Boa-Amponsem et al. 1999; Rautenschlein and Sharma 1999) .
Among the viruses deteriorating the reactivity of the immune system in birds there are adenoviruses, such as MSDV -Marble Spleen Disease Virus, commonly found in pheasants. It is a type II avian adenovirus closely related to the haemorrhagic enteritis virus HEV-Haemorrhagic Enteritis Virus and AAS -Avian Adenovirus Splenomegaly (Domermuth et al. 1979; Fitzgerald and Reed 1989; Pierson and Fitzgerald 2003) . Infections caused by these viruses are very common. In Poland, the presence of specific anti-HEV anitbodies in ring-necked pheasants (Phasianus colchicus L.) was found in 66.7% of flocks under investigation (Wieliczko et al. 2003) . These infections usually show no symptoms, but consequently lead to immunosuppression. As a result, the reticuloendothelial cells are damaged, especially in the spleen, which is enlarged and marble-like due to hyperplasia of the white pulp. Morphological changes were also observed in bursa of Fabricius, liver, caecal tonsils and kidneys (Gross 1967; Carlson et al. 1974; Trampel 1992) . According to Nagaraja et al. (1982) , immunosuppression caused by the HE virus is temporary. However, it may cause secondary infections, especially with E. coli or coccidia (Sponenberg et al. 1985; Pierson et al. 1996) . Some authors report that immunosuppression can also be caused by vaccines containing attenuated viruses (Rautenschlein and Sharma 1999; Kulikova et al. 2004 ). The mechanisms of immunosuppression are still not well known.
Bearing in mind the facts described above, we evaluated the reactivity of the immune system in pheasants vaccinated against Newcastle disease (ND), and additionally, prophylactically immunized with a vaccine containing a living, attenuated Haemorrhagic Enteritis Virus (HEV).
The criterion for a humoral response assessment in pheasants was the anti-SRBC (sheep red blood cells) haemagglutinin titre. Cellular response was assessed using a delayed type hypersensitivity test (DTH), after intradermal injection of a T-cell mitogen.
Materials and Methods

Experimental procedure
The material taken for the study consisted of 40 pheasants, male and female, purchased from a pheasantry when they were one day old. After several days, the birds were divided into four groups (with the same number of pheasants each) and put in separate cages. All the birds were fed ad libitum a complete mixture for pheasants and had free access to water. For the entire experimental period, the birds were fed the same diet and were provided with identical zoohygienic conditions. All the pheasants, one day of age, were prophylactically vaccinated against ND using spray with a Pestos vaccine (Merial), and next, on days 28 and 56 of age, they were given Sotasec vaccine (Merial) in drinking water, according to manufacturers' recommendations. Moreover, 49-day-old birds in groups 3 and 4 were given drinking water containing Dindoral SPF (Merial), a commercial vaccine with Domermuth HEV strain. It is usually recommended for active immunization of turkey broilers (against HEV) and pheasants (against MSDV).
On day 63 of the experiment, i.e. 14 days after HEV vaccination, the birds in groups 2 and 4 were intravenously injected with 0.5 ml of 10% SRBC, suspended in PBS. The experimental procedure comprised the following groups:
Simultaneously with SRBC immunization, the HEV vaccinated and non-vaccinated birds were tested, using a delayed type hypersensitivity test (DTH), according to the procedure described by Parmentier et al. (1998) and Graczyk et al. (1998 Graczyk et al. ( , 2004 . The left wing web was injected with 0.1 cm 3 of PHA -(DIFCO LAB -1000 µg/cm 3 ). The same procedure was used for the right wing, which was injected with PBS (control group).
For comparison, the same dose of PHA was injected intradermally, into the skin, between the third and fourth digits of the right foot. The skin thickness was measured, using a micrometer, exactly in the PBS-and PHA-injected areas, before and 24 h after injection. The magnitude of response was determined by calculating the wing and toe indexes (WI, TI) as the difference in the skin thickness, before and 24 h after intradermal injections. The tests were done using blood samples collected from the wing vein of 63-, 70-and 84-day-old birds (i.e. on days 14, 21 and 35 after HEV vaccination). The HI was determined, using twofold increasing dilutions of the serum and a constant dose of ND antigen containing 4 units of HA in 25 ml. The highest dilution of serum, in which haemagglutination was inhibited completely, was accepted as the titre. The HI titre was considered positive when the serum dilution 1:16 and higher inhibited 4 HA antigen units. The results of HI reactivity were accepted as the mean of HI titres for a group expressed in log 2 .
The efficacy of HE vaccination was evaluated with regard to the presence of specific anti-HEV antibodies in pheasants' serum obtained from blood collected from the wing vein of 63-, 70-and 84-day-old birds (i.e. 14, 21 and 35 days after HEV vaccination).
The presence of specific anti-HEV antibodies was determined, using precipitation reaction in agar gel (AGP), with the use of pheasant serum and HE antigen (Spafas, USA). The AGP test was performed using Noble Difco agar, in parallel for the investigated sera and also using positive HE Reagent Serum (Spafas, USA). The result was read 24 and 48h after incubation in a humid chamber at 25 °C.
Humoral response to SRBC was evaluated, taking into account the titres of specific agglutinins present in the serum, examined 21 days after HEV vaccination, i.e. 7 days after SRBC immunization. The serum of pheasants, used for determining total anti-SRBC agglutinin titre, was also used to determine the level of antibodies resistant to 2-mercaptoethanol (2-ME-resistant) (Graczyk et al. 2000) .
The results obtained in the study were analyzed statistically, using Student's t-test. The differences were considered significant at p < 0.05. Table 1 shows the efficiency of prophylactic vaccination, based on the level or presence of specific antibodies.
Results
The presence of specific anti-NDV antibodies was found in 75% to 100% ND-vaccinated pheasants, tested 14 days after HEV vaccination. When the tests were repeated 21 and 35 days after vaccination, the anti-NDV antibodies were present in all the birds. However, the antibody titres were consequently increasing with consecutive blood collections. With the tendency maintained and a lapse of time after vaccination, the absolute value of the titre varied in different groups of birds. The highest titre (6.4 log 2 ) was found in group 1 (NDVvaccinated), and a comparable level (5.8 log 2 ) was found in group 2 (NDV-vaccinated and SRBC-immunized). However, NDV-and HEV-, and to a larger extent, NDV-and HEVvaccinated + SRBC-immunized pheasants exhibited the antibody titre at a markedly lower level as compared with non-vaccinated birds, i.e. 4.8 log 2 and 4.6 log 2 , respectively (Table 1, Fig. 1 ).
The analysis of the anti-HEV antibody presence in serum showed their lack in birds nonvaccinated with HEV and their presence in all vaccinated birds, but not earlier than 21 days after vaccination (Table 1) .
On day 7 after SRBC immunization, the mean specific anti-SRBC agglutinin titre in group 2 was 1 : 588 (g -512). In contrast, in group 4 (HEV-vaccinated earlier) it was 1 : 154 (g -135) , that is, significantly (p < 0.05) lower. Besides, in group 2, over 40% of all specific agglutinins were resistant to 2-mercaptoethanol (IgG), while 2-ME resistant antibodies in HEV-and SRBC-immunized birds (group 4) accounted for 75% (Table 2) .
The mean values of the wing index (WI) and the toe index (TI) are shown in Table 3 . The data show that the response to the administered mitogen (PHA) did not result in any significant differences in WI between the control and HEV-vaccinated birds. Similar relations were observed with TI, however, the absolute TI value was twice lower than that of WI (Table 3) .
Discussion
The purpose of the present experiment was to study whether and to what extent can prophylactic vaccines containing attenuated NDV and HEV affect the response of the immune system in pheasants, including a cellular response to non-proliferating SRBC and antibody levels. An almost fourfold decrease in anti-SRBC antibody titre observed in pheasants vaccinated with NDV + HEV as compared to NDV-vaccinated birds, accounts for a suppressive action of HEV. The interaction of various antigens, including living or attenuated vaccines has been studied extensively for many years, but the results obtained show discrepancies (Slowik et al. 1990; Sharma 1994; Pierson et al. 1996; Rautenschlein and Sharma 1999; Ganapathy et al. 2005) . Slowik et al. (1990) found a twofold increase in anti-NDV antibody titre after additional SRBC stimulation of chickens and a decreasing titre after BSA administration. At the same time, they did not observe any impact of NDV vaccination on the specific anti-SRBC agglutinin titre. Ganapathy et al. (2005) reported that SPF chickens vaccinated with living APV and NDV exhibited temporary suppression of APV proliferation and inhibited production of specific antibodies. This corresponded with increased levels of anti-NDV antibody titres in chickens. Some authors even suggest that administration of various vaccines at short-time intervals may result in temporary changes in the immune system, which may be favourable for the development of secondary infections (Pierson et al. 1996; Rautenschlein and Sharma 1999) .
The decreased anti-SRBC antibody titre observed in HEV-vaccinated pheasants is therefore in agreement with the observations of the authors cited above, and besides, it shows that simultaneous vaccination can enhance pathogenicity of the vaccines administered. It is also worth noting that anti-NDV antibody titre in NDV + HEV-vaccinated pheasants was over 20% lower than that observed in the pheasants vaccinated only with NDV. Additional SRBC stimulation of the birds enhanced the suppressive effect of HEV, which suggests that immunosuppression is not directed towards a definite antigen. On the other hand, simultaneous vaccination did not have a significant impact on antibody levels, observed in consecutive blood samples after vaccination. Due to the fact that our experiment was focused only on the presence of anti-HEV antibodies, excluding the titre, it was impossible to assess the influence of NDV on anti-HEV antibody titre. Other interesting results obtained in our study were connected with a changing quality of anti-SRBC antibodies, since HEV-vaccinated birds exhibited augmented percentages of 2-ME resistant antibodies. A direct mechanism responsible for the change of class of the synthetized antibodies is, at this stage of research, difficult to explain. The studies of HE pathogenesis show that the immune system, which is connected with antibody production, plays an important part in the development of a disease. Suresh and Sharma (1995) studied turkeys inoculated with HEV and found a significant depletion of IgM + cells. On the other hand, the studies of immunosuppressive actions of viruses show that depletion of B lymphocytes, occurring after chemical bursectomy, results in a preventive effect of experimental infection of birds (Fitzgerald and Reed 1991) . In our study, no lymphatic cells were evaluated, but we can presume that a decreased production of antibodies was due to temporary changes in CD4 CD8 populations, as reported by Suresh and Sharma (1995) . It seems quite likely that this was also connected with the effect of vaccines on spleen cells, since the impact of the spleen on immunological response is remarkable (Graczyk et al. 1998 (Graczyk et al. , 2003 Rautenschlein and Sharma 1999) .
Clinical observations and the studies of cyclosporine-treated birds suggest that T lymphocytes, and at the same time, cellular response can play an important role in the pathogenesis of MSD and responses to MSDV infections (Fitzgerald et al. 1995) . The reactivity of T-cells in birds is evaluated using delayed-type hypersensitivity response to the administered T-cell mitogen (Parmentier et al. 1998; Boa-Amponsem et al. 1999) .
The analysis of cellular response with the use of DTH test did not show any significant differences between HEV-vaccinated and non-vaccinated pheasants. At the same time, the results obtained in the study are in agreement with the suggestions of other authors who claim that the part of the body into which a mitogen is administered is of no importance. With significant differences in extreme values of the index noted, only some increasing tendencies were observed in WI and TI of HEV-vaccinated pheasants. These results are in agreement with the reports of Fitzgerald et al. (1992) , who found that pheasants which had a contact with an MSD virus, showed a changed capability of T-lymphocytes for transformations. In our experiment, cellular response was assessed only once, 14 days after HEV inoculation, therefore, it is difficult to say whether the results of the DTH test reflect constant reactivity of the system, or they just illustrate a transient phase of the virus activity during immunogenesis.
We can state that the results obtained in our experiment are in concurrence with those obtained by other authors who studied the immunosuppressive effects of simultaneous vaccinations. Besides, they also show that consecutive overloading of pheasants with antigens can result in a reduced response of the birds to other antigens, which should be taken into consideration when scheduling prophylactic vaccinations for this species.
Humorální a celulární imunitní odpovûì baÏantÛ vakcinovan˘ch proti Newcastleské nemoci a hemorrhagické enteritidû
Cílem pokusu bylo urãit zda a v jaké mífie mÛÏe preventivní vakcinace proti Newcastleské chorobû (ND) a hemorrhagické enteritidû (HE) ovlivnit humorální a celulární imunitní odpovûì u baÏantÛ. Vyhodnocení míry humorální imunitní odpovûdi bylo provedeno na základû titru aglutininu po podání antigenu, celulární imunita byla hodnocena alergenodiagnostick˘m testem (DTH). BaÏanti byli 1., 28. a 56. den po vylíhnutí oãkováni proti Newcastleské nemoci (ND). Kromû této vakcinace byla ãásti ptákÛ 49. den po vylíhnutí podána vakcína proti HEV v pitné vodû (virus hemorrhagické enteritidy). âtrnáct dní po vakcinaci proti HEV bylo ptákÛm intravenóznû podáno 0,5 ml 10% SRBC (suspenze ovãích ãerve-n˘ch krvinek). S podáním SRBC byla souãasnû provedena alergenodiagnostika intradermální aplikací fytoheaglutininu (PHA). U baÏantÛ vakcinovan˘ch proti NDV i HEV byl titr specifick˘ch anti-SRBC aglutininÛ signifikantnû niÏ‰í (p < 0,05) neÏ u tûch vakcinovan˘ch pouze proti ND. TéÏ se ukázalo, Ïe 43% ze v‰ech specifick˘ch anti-SRBC protilátek u ptá-kÛ vakcinovan˘ch proti NDV bylo rezistentních k 2-merkaptoethanolu, zatímco u ptákÛ vakcinovan˘ch proti HEV jich bylo rezistentních 75%. U alergenodiagnostického testu nebyly zaznamenány Ïádné signifikantní rozdíly. Jen u baÏantÛ vakcinovan˘ch proti HEV byla zji‰-tûna tendence ke zv˘‰ené hodnotû odpovûdi. V˘sledky potvrzují pozorování o imunosupresivním efektu soubûÏné vakcinace. Také ukazují, Ïe pfiesycení/pfietíÏení baÏantÛ mnoha antigeny (ND a HEV vakcinace) mÛÏe oslabit humorální imunitní odpovûì na podané SRBC. 
